The API ZYM system (Analytab Products, Plainview, N.Y.), containing 19 chromogenic substrates, was utilized semiquantitatively to detect extracellular acid and alkaline phosphatases, aminopeptidases, proteases, esterase-lipase, phosphoamidase, and glycosidases in 128 oral and nonoral isolates of black-pigmented Bacteroides, Actinobacillus, Haemophilus aphrophilus, Capnocytophaga, Fusobacterium nucleatum, Wolinella recta, and Veillonella parvula. In the blackpigmented Bacteroides group of organisms, a strong trypsin reaction was present in Bacteroides gingivalis (oral species) but not in Bacteroides asaccharolyticus (nonoral species). Bacteroides melaninogenicus subsp. melaninogenicus, in contrast to Bacteroides melaninogenicus subsp. intermedius, exhibited strong Nacetyl-f8-glucosaminidase activity. H. aphrophilus produced /8-galactosidase and a-glucosidase, but the closely related Actinobacillus actinomycetemcomitans did not. Capnocytophaga was distinct with respect to strong aminopeptidase reactions. This study showed that a wide range of enzymes which have the potential of causing tissue injury and inflammation can be elaborated from major oral gram-negative species. Also, the API ZYM system appears to be a valuable adjunct to traditional biochemical testing in identifying oral gram-negative species.
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Gram-negative organisms appear to play a central role in the etiology and pathogenesis of periodontal disease and other oral diseases of humans. These bacteria are present only in low numbers in healthy gingival sites, but they comprise more than 75% of the cultivable microflora in most advanced periodontitis lesions (12) . Gram-negative species are also frequent isolates from teeth with acute pulpitis and periapical osteitis (17) and from tonsillar infections (4) . Enzymes released by these organisms have been implicated in the soft tissue destruction taking place in these diseases.
In our experience, five species of gram-negative anaerobic bacteria (16) , and Actinobacillus actinomycetemcomitans. Procedures currently used for identification of these species are time consuming and costly, involving the preparation and inoculation of several test media and often the use of extended incubation periods. Furthermore, certain oral gram-negative species grow poorly in commonly used broth media for biochemical testing, and some gram-negative isolates from the oral cavity cannot readily be classified by the conventional phenotypic tests. From many points of view, therefore, it is desirable to develop rapid and reliable methods of identification of oral gram-negative species.
The API ZYM (Analytab Products Inc., Plainview, N.Y.) system is a semiquantitative micromethod which allows rapid determination of 19 enzymatic reactions. The API ZYM system has been reported to be useful in the identification of oral streptococci (7), oral actinomycetes (9), and nonoral gram-negative anaerobic rods (5, 18) . This paper reports on the enzymatic characterization of common oral and closely related nonoral gram-negative species and on the ability of the API ZYM system to identify these organisms.
MATERIALS AND METHODS Bacterial strains. The study strains, the sites from which they were isolated, and the sources from which they were received are presented in Table 1 . Classification of these strains was carried out by established procedures (6) .
The API ZYM tests. The API ZYM system consists of a series of microcupules containing dehydrated chromogenic enzyme substrate, detector reagent A [tris(hydroxymethyl)aminomethane, 2.5 g; 37% HCl, 1.1 ml; lauryl sulfate, 1 g; and distilled water, 10 ml], detector reagent B (fast blue BB, 35 mg; and 2-methoxyethanol, 10 ml), incubation tray and cover, and color chart. The enzyme strip assays for alkaline phosphatase, butyrate esterase, caprylate esterase-lipase, myristate lipase, leucine aminopeptidase, valine aminopeptidase, cystine aminopeptidase, trypsin, chymotrypsin, acid phosphatase, phosphoamidase, a-galactosidase, 1B-galactosidase, /3-glucuronidase, a-glucosidase, 83-glucosidase, N-acetyl-,8-glucosaminidase, amannosidase, and a-fucosidase. The API ZYM system was purchased from Analytab Products, Plainview, N.Y.
The API ZYM strips were inoculated, incubated, and read according to the manufacturer's directions. Because preliminary studies showed no important differences between API ZYM results when the assay was performed aerobically or anaerobically, our enzymatic testing was carried out under aerobic conditions. Organisms were obtained from 2-to 4-day anaerobic (85% N2, 10% H2, 5% CO2) cultures on Trypticase soy agar (BBL Microbiology Systems) supplemented with 10% sheep blood, 5 ,ug of hemin per ml, and 0.2 ,ug of menadione per ml. Bacterial cells were emulsified in 0.85% NaCl in distilled water to a turbidity between a McFarland no. 5 and no. 6 standard. Each microcupule of the API ZYM tray was inoculated with 0.05 ml of the standardized bacterial suspension. After aerobic incubation in the dark for 4 h at 370C, 0.025 ml each of reagents A and B was added to each microcupule, and the color reactions which developed within 5 min were graded from 0 to 5 by using the API ZYM color reaction chart. Tests given grade 0 were regarded as negative, grades 1 and 2 were regarded as weak positive reactions, and grades 3 through 5 were regarded as moderate to strong positive reactions. Most test strains were examined at least twice on separate days, utilizing different subcultures.
RESULTS
The 128 isolates evaluated in this study and the results of their enzymatic reactions in the API ZYM system are listed in Table 2 .
The black-pigmented Bacteroides species and subspecies tested varied considerably in enzymatic activity. B. gingivalis possessed a strong trypsin-like activity. In contrast, the human strains of B. asaccharolyticus, B. melaninogenicus subsp. intermedius, and B. melaninogenicus subsp. melaninogenicus were negative for trypsin. Variable trypsin activity was found among the nonhuman strains of B. melaninogenicus subsp. levii, B. macacae, and the catalase-positive beagle dog bacteroides. All strains of B. melaninogenicus subsp. melaninogenicus and most strains of B. melaninogenicus subsp. intermedius were positive for a-glucosidase, whereas the asaccharolytic Bacteroides strains were devoid of a-glucosidase activity. Also, weak a-fucosidase activity was detected only in strains of B. melaninogenicus subsp. melaninogenicus and B. melaninogenicus subsp. intermedius. A strong N-acetyl-,f-glucosaminidase reaction was present in B. melaninogenicus subsp. melaninogenicus but was not found in B. melaninogenicus susbp. intermedius.
All test isolates of the Actinobacillus-Haemophilus group of organisms exhibited strong alkaline and acid phosphatase reactions. Haemophilus aphrophilus differed from A. actinomycetemcomitans by producing fl-galactosidase and a-glucosidase. Furthermore, Actinobacillus equuli, Actinobacillus lignieresii, and Actinobacillus suis possessed /3-galactosidase activity and Actinobacillus seminis was positive for flglucuronidase, characteristics which permitted differentiation between these species and A. actinomycetemcomitans. Strong esterase and esterase-lipase activities were found in A. equuli and A. suis but not in A. lignieresii and A. seminis.
The Capnocytophaga strains tested consistently produced strong alkaline phosphatase, acid phosphatase, leucine aminopeptidase, valine aminopeptidase, cystine aminopeptidase, and a-glucosidase reactions. The study strains of F. nucleatum and W. recta gave either negative or weak positive reactions in all of the enzyme tests performed. V. parvula produced strong acid phosphatase and phosphoamidase; otherwise, these organisms were generally inactive.
Study on reproducibility of the API ZYM system revealed that strains of Actinobacillus species, H. aphrophilus, F. nucleatum, W. recta, and V. parvula exhibited little or no variation between testings. On the other hand, strains of black-pigmented Bacteroides and Capnocytophaga varied in many enzyme tests between negative and weak positive reactions or between weak positive and strong positive reactions; however, variation between a negative and a strong positive reaction was only observed for alkaline phosphatase and 8-glucosidase in two B. melaninogenicus subsp. melaninogenicus strains, for ninogenicus can be difficult when using conventional biochemical tests. The strong N-acetylf8-glucosaminidase reaction which was present in all test strains of B. melaninogenicus subsp. melaninogenicus, but not in any strains of B. melaninogenicus subsp. internedius, may prove to be a valuable differential phenotypic character. The finding that a-glucosidase activity was absent in asaccharolytic Bacteroides species and present in B. melaninogenicus subsp. intermedius and B. melaninogenicus subsp. melaninogenicus agrees with the capability of these organisms of fermenting maltose (6) .
A. actinomycetemcomitans is designated "species incertae sedis" in Bergey's Manual of Determinative Bacteriology, 8th ed. (1). Uncertainty especially exists in the taxonomic relationship between various actinobacilli species and H. aphrophilus, organisms which do not require X (hemin) or V (nicotinamide adenine dinucleotide) factors for growth. Many API ZYM tests only exhibited weak activity for Actinobacillus and Haemophilus; however, the reactions were reproducible and therefore potentially useful in taxonomy. H. aphrophilus produced,8f-galactosidase and a-glucosidase, but the closely related A. actinomycetemcomitans did VOL. 14, 1981 on (2) . Human polymorphonuclear granulocytes and other host cells furthernore produce many of the enzymes which can be detected in bacteria (15) , and the relative importance of bacterial enzymes and host-derived enzymes in the inflammatory process is unknown. The effect of specific antibodies and the plasma inhibitors alpha1-antitrypsin, alpha1-antichymotrypsin, and alpha2-macroglobulin in the inactivation and elimination of bacterial enzymes also awaits further study.
In summary, the results presented in this study indicate that enzyme activities of oral gram-negative isolates can be detected by using the API ZYM system. The method has the potential to distinguish between major oral bacterial genera, and it appears to be useful in differentiating B. gingivalis and B. asaccharolyticus, B. melaninogenicus subsp. intermedius and B. melaninogenicus subsp. melaninogenicus, and H. aphrophilus and various Actinobacillus species.
